Gene transfer of extracellular superoxide dismutase reduces cerebral vasospasm after subarachnoid hemorrhage.
Superoxide may play an important role in cerebral vasospasm after subarachnoid hemorrhage (SAH). Our first goal was to determine the effect of gene transfer of extracellular superoxide dismutase (ECSOD) on vasospasm after experimental SAH. Our second goal was to determine whether tissue binding of ECSOD via the heparin-binding domain (HBD) is important for the effect of the enzyme. Thus, we examined effects of gene transfer of ECSOD with the HBD deleted (ECSODDeltaHBD). Adenovirus expressing human ECSOD (AdECSOD), ECSODDeltaHBD (AdECSODDeltaHBD), or no transgene (AdBglII) was injected into the cisterna magna of anesthetized rabbits 30 minutes after induction of experimental SAH. Cerebral angiography, an assay for ECSOD activity in cerebrospinal fluid (CSF), and Western blotting for human ECSOD in the basilar artery were performed. Baseline diameter of the basilar artery averaged 0.77+/-0.01 mm (mean+/-SEM) and was similar in all treatment groups. Decreases in diameter of the basilar artery 2 days after SAH were smaller after AdECSOD (11+/-3%; n=10) than after AdBglII (25+/-4%; n=7; P<0.05). ECSOD activity was not detected in CSF before SAH and gene transfer. Of 8 rabbits treated with AdECSOD, in which ECSOD activity in CSF was measured after SAH, 5 animals had detectable ECSOD activity in CSF (46+/-13 U/mL). In these 5 rabbits, the diameter decreased by only 6+/-3%, and ECSOD protein was detected in the basilar artery. After AdECSODDeltaHBD (n=4), despite high levels of ECSOD activity in CSF (91+/-19 U/mL), vessel diameter decreased by 20+/-2%, and no ECSODDeltaHBD protein was detected in the basilar artery. Gene transfer of ECSOD reduces cerebral vasospasm after experimental SAH. Tissue binding of the enzyme is essential for cerebral vascular effects of ECSOD.